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CLINICAL INVESTIGATION
Glomerular basement membrane necrosis and
crescent organization
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Glomerular basement membrane necrosis and crescent organization. In
order to reveal structural damage to the glomerular basement mem-
branes occurring in crescentic glomerulonephritis and the subsequent
connective tissue organization of the crescent, 14 kidney biopsies were
treated with detergents to remove cellular components and the tissue
remaining examined by transmission (TEM) and scanning (SEM) elec-
tron microscopy. The fourteen biopsies were divided into two groups
for analysis. Group 1(7 cases) contained necrotizing lesions and cellular
crescents. AcellularTEM (ATEM) revealed widespread lysis of mesan-
gial matrix, while acellular SEM (ASEM) of five cases revealed three
general patterns of GBM necrosis. Group 11 (7 cases) contained
fibrocellular and fibrosis crescents. ATEM and ASEM revealed that
collagen fibers initially form along fibrin fibrils and eventually result in
formation of lacunar spaces occupied by cells of the crescent. Fibrous
crescents were associated with prominent glomerular tuft distortion and
entrapment of normal capillary loops. Continuity between interstitial
space, matrix of crescent and mesangium were often observed. These
observations suggest that lysis of mesangial matrix is extensive and
precedes GBM lysis while the pattern of GBM damage fits best with
local release of lytic factors. Furthermore, the architectural distortion
and continuity which develops between normally segregated compart-
ments (mesangial-interstitial) indicate that both the initial necrosis and
the reparative response to injury, contribute substantially to overall
nephron dysfunction.
Glomerulonephritis complicated by necrotizing lesions and
crescent formation represents the most omminous form of
glomerular injury. It usually produces rapidly progressive renal
failure with a substantial risk of irreversible disease [1—4].
Although crescents may develop in a variety of primary and
secondary forms of glomerulonephritis, resulting in great het-
erogeneity of biopsy findings, ultrastructural studies have re-
vealed capillary loop disruptions as a unifying morphologic
abnormality in most patients [5—10].
Attempts to study the nature and distribution of glomerular
basement membrane disruptions has been difficult with the
standard two dimensional images of transmission electron mi-
croscopy (TEM) [5—10]. Similarly scanning electron micros-
copy (SEM) approaches have been hampered by the cellular
elements covering the BM lesions of interest [11—141. These
problems have been circumvented by applications of SEM to
study renal biopsies following removal of obscuring cells [15—
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17]. This technique has been employed to study GBM necrosis
and the sequence of crescent organization.
Methods
Portions of each 1-mm percutaneous needle biopsy or open
renal biopsy were snap-frozen for immunohistochemical studies
and fixed in 10% formalin and 2% glutaraldehyde for light
microscopy (LM) and transmission electron microscopy (TEM),
respectively. Routine methods were employed in paraffin em-
bedding and staining each specimen for light microscopy.
Tissue for TEM was fixed in 2% buffered glutaraldehyde,
postfixed in 1% 0s04, and embedded in Polybed 812 (Polysci-
ences), Ultrathin sections were stained with uranyl acetate and
lead citrate and examined in either a Philips EM 300 or a JEOL
JEM IOOCS TEMSCAN analytical electron microscope at 60
kV.
Acellular glomeruli were prepared as previously described
[17—19]. The frozen tissue remaining after sectioning for im-
munohistochemical studies was thawed and cells osmotically
lysed for 24 hours in 5 m'vi EDTA. The extraction protocol
consisted of sequential incubations at room temperature in the
following solutions: 3% Triton X-100, 12 hours; 0.025 M DNase
in I M NaCI, 6 hours; and 4% sodium deoxycholate, 12 hours.
All solutions contained 0.1% sodium azide. A 30 minute wash in
distilled water was performed between each solution 1171.
Acellular tissue was fixed in 2% gluaraldehyde and processed
for transmission electron microscopy (ATEM) or scanning
electron microscopy (ASEM). For SEM studies, tissue was
postfixed in 1% 0s04 for one hour and washed in buffer.
Dehydration employed graded alcohols followed by critical-
point drying and coating with carbon and gold palladium in a
vacuum evaporator. Samples were examined on a JEOL JEM
100 CX analytical TEMSCAN electron microscope at 20 kV
accelerating voltage.
Table I lists controls and diverse forms of glomerulonephritis
studied with this technique. From this group, fourteen renal
biopsies containing necrotizing and/or crescentic glomerular
lesions were selected for study. Each biopsy was examined by
conventional morphologic techniques (LM, DIF and TEM).
Following completion of immunofluorescence, scanning elec-
tron microscopy (14 cases) and transmission electron micros-
copy (10 cases) were performed on acellular preparations (that
is, ASEM and ATEM, respectively).
The 14 cases were divided into two groups based upon the
light microscopic findings of a predominance of necrotizing
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2; 1 to 3 glomeruli in 5 of 7 cases) since segmental to global
# Cases proteinacious coagulums and crescents obscured details of the
— underlying GBM defects. This variability in distribution and
10 stage of necrotizing and crescentic injury is illustrated in
Figures 5 and 6 with their putative light microscopic appearance
12 for orientation. Notice the early necrotizing lesion in Figure 5A
with a clearly visible zone of segmental mesangiolysis and
segmental GBM disruption. In Figure SB, ASEM of a compa-
rable glomerulus from the same patient shows that while most
of the glomerulus is intact and appears normal, there is an
abrupt transition from normal GBM to a necrotic lobule, where
disintegrating GBM and fibrin fibrils are intermixed. In con-
trast, the large circumferential crescent illustrated in Figure 6A
is associated with a tiny collapsed remnant of the glomerular
tuft and absent Bowman's capsule. In Figure 6B ASEM of a
comparable glomerulus from the same patient shows a col-
lapsed remnant of the necrotic tuft enveloped by a large
crescent with adjacent necrotizing arteriolitis. GBM defects are
not identifiable in such lesions.
Three general patterns of GBM damage were observed (Fig.
7A—C). The mildest damage observed in one case (idiopathic
disease) was focal and segmental, with infrequent discrete
GBM perforations or holes ranging from one to fifteen microns,
the margins of which were sharp and distinct (Fig. 7A). The
second pattern observed in two cases (idiopathic and PAN) was
also focal and segmental, but several capillary loops or an entire
lobule were necrotic (Figs. SB and 7B). The margin between
intact and necrotic BM was abrupt but slightly frayed, and not
quite as distinct as in the first pattern. The third pattern of GBM
necrosis occurred in two diffuse and circumferential necrotizing
cases (anti-GBM disease and PAN). In these, global GBM
disintegration was observed, consisting of a myriad of micro-
perforations (0. 1 microns) which segmentally became conflu-
ent, forming large gaps (Figs. 6B and 7C). In two cases no GBM
disruptions were identified by ASEM.
Group II. Although small quantities of fibrin and occasional
cellular crescents were present in these cases, most crescents
showed organization by light microscopy as recognized by
basement membrane-like material and collagen on special stains
(Fig. 8A). In the earliest phase of crescent organization (Fig.
8A, B) the deposition of fibrillogranular material occurred over
the area of necrosis with delicate fibrils connecting the glomer-
ular tuft to Bowman's capsule. This granulo-fibrillar material
represents a combination of fibrin and connective tissue, based
upon ATEM studies.
Continued maturation of crescent resulted in increasing num-
bers of long delicate collagen fibrils (Fig. 9) with the formation
of lacunar spaces occupied by one or more cells synthesizing
these matrix components. In the final stage there are either
broad masses of collagen fibrils with few cell lacunae or
formation of a smooth basement membrane lining to the lacunar
spaces (Fig. 10). Glomeruli containing these organized cres-
cents were associated with severe distortion of the glomerular
tuft with direct continuity between damaged glomerular tuft,
interstitial areas and crescents as well as entrapment of normal
capillary loops (Figs. II, 12).
Discussion
Disruption of the capillary loop basement membrane integrity
is the structural defect responsible for efflux of cells and
Table 1. Renal diseases examined by acellular SEM
Diagnosis
Results
Normal controls—frozen
Normal controls—fresh
Crescentic GN
Minimal change disease
Lupus nephritis
Membranous GN
Other proliferative GN
Other miscellaneous
Total
lesions and cellular crescents (Group I) or a predominance of
fibrocellular and fibrous crescents (Group II). This division
afforded an opportunity to observe the initial stages of GBM
necrosis (Group I) and the subsequent connective tissue depo-
sition during maturation (organization) of the crescent (Group
II). The pertinent clinical and morphologic data on these 14
patients are listed in Table 2. Selected aspects of one case (DB
Group I) have previously been reported [161.
A cellular transmission electron microscopy
A portion of a normal (control) acellular glomerulus is illus-
trated in Figure 1 for comparison with the changes observed in
crescentic GN cases. Notice that following cell extraction the
glomerular architecture is retained with easily recognizable
mesangial matrix, wrinkled mesangial waist BM and uniform
capillary loop BM. The mesangial matrix appears loose and less
dense than the GBM and contains empty spaces previously
occupied by mesangial cells and their cell processes.
ATEM from cases of Group I showed either segmental zones
of normal mesangium with segmental mesangiolysis or wide-
spread mesangiolysis (Table 2, Fig. 2). The mesangial alter-
ations began as zone of decreased matrix density and pro-
gressed to a breakdown of or complete dissolution of the matrix
with resulting confluence of mesangial area and capillary loops
(Fig. 2). Although mesangiolysis was visible by LM on silver
stained sections (Fig. 2, inset), the extraction procedure re-
vealed the widespread occurrence of this phenomena. Capillary
loop disruptions were identified in almost every case, and when
present, were invariably adjacent to zones of mesangiolysis
(Table 2, Fig. 3). Fibrin resisted the extraction sequence and
was found to adhere to the GBM adjacent to the area of
disruption and occasionally extended out to Bowman's capsule.
Cases from Group II showed progressive organization
(collagenization) of the crescent which began with deposition of
collagen fibrils along fibrin strands. Continued formation and
deposition of banded collagen fibrils was associated with less
recognizable fibrin fibrils and resulted in the formation of
lacunar spaces occupied by one or more cells of the crescent
(Fig. 4). The lacunar spaces in occasional cases, were lined by
a thin layer of basement membrane-like material.
Acellular scanning electron microscopy
Group I. ASEM revealed normal glomeruli as well as glomer-
uli containing segmental to global GBM disruptions or crescent
formation. GBM disruptions were infrequently observed (Table
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Table 2. Clinical and morphologic data
Dx Sx (4 Cres Fib CC F-CC FC #Glom
ATEM ASEM
Mes GBM GBM
lysis disrupt #Glom disrupt
Group I
DB ldio 2 M 7 + 16 0 0 2 2 1 40 2
EC GPS I M 100 + 4 0 0 1 1 I 4
BH ldio 2 M 97 + 19 20 0 2 2 2 9 3
DB PAN I M 100 + 4 I 0 3 3 3 9 2
EN PAN I M 52 18 4 2 3 3 3 15 3
FM ldio 4 M 83 + 3 2 0 0 — 6 0
WW HSP 6 M 33 + 2 2 0 0 — — 6 0
Group II
RH SLE 2 Y 31 + I 4 I 1 I 0 3 0
FL Idio 75 + 1 8 4 2 2 I 8 0
MM SLE I Y 92 1 8 4 2 2 1 10 0
ST SLE I Y 91 0 8 3 2 2 0 4 0
AW PAN 5 M 77 — 3 25 13 3 3 3 18 0
SG kIlo 86 — 0 3 3 0 — — 6 0
DL 1db 7 89 — 0 3 4 0 — — 5 (1
Abbreviations are: SX, duration of symptoms prior to biopsy; number of cellular crescents (CC), fibrocellular crescents (F-CC) and fibrous
crescents (FC); Idio, idiopathic; GPS, Goodpasture's syndrome; PAN, Polyarteritis nodosa; HSP, 1-lenoch-SchOnlein purpura; M, month; Y, year.
Fig. 1. ATEM of a normal (eon ho!) gloin era/u.s showing mesangial
matrix (M) and capillary loop basement membrane (arrow). X 7800,
scale — 1 micron.
macromolecules into Bowman's space with subsequent initia-
tion of crescent formation [5—10]. A range of GBM alterations
have been demonstrated in previous TEM studies of crescentic
glomerulonephritis such as GBM rarification, small gaps and
large discontinuities, however the fine details and disruption of
Fig. 2. A TEM showing an areas of me.sangial expansion (M) and
meson giolysis (L) with remnants of residual matrix (arrowhead). ><
2500, scale = 5 microns. Inset: Segmental mesangialysis. Jones me-
thanemine silver, x425. (Inset reprinted with permission. Am J Pathol
119:357—360, 1985.)
these abnormalities are difficult to understand with conven-
tional ultrastructural approaches [5—10].
This study of crescentic glomerulonephritis coupled a cell
extraction procedure with TEM and SEM with the expectation
that removal of intrinsic and infiltrating cells may reveal previ-
Number of
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Fig. 3. ATEM showing a lysed ,nesangial area (M), capillary loop
disruption (arrows) and fibrin (arrowhead). x 8500, scale = I micron.
ously obscured details of BM injury [161. Since the generation
of acellular tissue required various solubilization treatments,
the lesions observed could potentially result from preparation
related artifacts. This appears unlikely for several reasons.
Morphmetric measurements of BM thickness and biochemical
analysis of amino acid and carbohydrate composition of ace!-
lular BM prepared by this technique have been equivalent to
BM isolated by other techniques [20, 211. Perfusion of the
acellular kidney with colloidal carbon and gold tracers has
revealed no GBM breaks, and neither the author nor others
have observed mesangiolysis and GBM disruptions in controls
prepared with this technique [16—221. Finally other varieties of
GN studied by the author which were associated with prolifer-
ative and inflammatory changes but lacking crescent formation
(Table 1), have not contained GBM defects on ASEM.
This acellular EM study unexpectedly revealed widespread
lysis of mesangium and less frequently, GBM disruptions in
crescentic GN. Since a normal mesangial area was never noted
adjacent to GBM disruption, the mesangium represents a major
site of BM lysis in necrotizing glomerular lesions. Although
mesangiolysis has been previously implicated in the develop-
ment crescentic GN, it is more often observed as a potentially
reversible lesion in glomerular diseases not associated with
crescent formation [23, 241. Its apparent ubiquitous participa-
tion in necrotizing glomerular lesions observed in this study,
has not been generally appreciated or emphasized [23, 24]. This
may be a consequence of the numerous proliferating and
infiltrating cells, immune reactants and fibrin whose presence in
Fig. 4. ATEM showing afibrocellular crescent consisting of collagen
fibrils (C) with lacunar spaces (S) occupied by cells. x 2500, scale = 5
microns.
the expended mesangium obscures any lysis of mesangial
matrix which may have occurred.
The more extensive mesangiolysis compared to GBM lysis
may indicate either that lytic factor(s) operate initially within
that locus or may reflect its greater susceptibility to lysis
compared to the GBM. Although this study cannot resolve this
issue, evidence exists to support both postulates. Mesangial
cells can be stimulated by immune reactants to release inflam-
matory mediators and lytic factors, capable of initiating mesan-
giolysis [25—271. Furthermore, selective chemical and enzy-
matic hydrolysis of isolated nephron BM have shown that the
mesangial matrix appears more susceptible to hydrolysis than
the GBM, while the GBM is also more resistant to experimental
lysis than either tubular basement membrane or Bowman's
capsule [28, 291. Thus factor(s) which produce necrosis of the
most resilent BM, the GBM, could be expected to exert a
similar lytic effect on other BMs producing mesangiolysis,
Bowman's capsule and tubular BM disruption. These second-
ary sites of BM damage may contribute substantially to pro-
gressive nephron damage by affecting mesangial traffic of mac-
romolecules, permitting interstitial cell organization of the
crescent with deposition of Type III collagen and provoking
interstitial inflammation and fibrosis [30, 31].
Acellular SEM revealed several patterns of GBM disruptions
which have been so difficult to envision by traditional morpho-
logic studies. The mildest form of injury appeared as segmental
infrequent discrete perforations of the GBM while more severe
injury resulted in either lobular (segmental) necrosis or global
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Fig. SA. Biopsy from a patient with idiopathic disease (BH) showing a segmental zone of mesangialysis (M) is associated with a capilla,y loop
disruption (arrow) and fibrjn extra vasation (F). Jones methanemine silver, x 850. B. ASEM showing an essentially normal lower portion of the
glomerular tuft and segmental necrosis of the upper left (arrow). x 1000, scale 10 microns.
Fig. 6A. Biopsy from a patient with PAN (DB) showing a large circumferential cellular crescent with absent Bowman's capsule and centrally
collapsed glomerular tuft. Jones methanemine silver, x 1000. B. ASEM showing a necrotizing arteriolitis (A) and a large cellular crescent (C) with
a central tiny remnant of the glomerular tuft (arrow). x 500, scale 20 microns,
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Fig. 7A. ASEM showing several variably sized, discrete GBM perfo-
rations (arrows). (Reprinted with permission. Am i Pathol 119:357—360,
1985). x 2000, scale = 5 microns. B. ASEM showing a zone of GBM
necrosis (arrow) with intact adjacent GBM containing wrinkles charac-
teristic of mesangial waist. x 6000, scale = 1 micron. C. ASEM of a
disintegrating capillary loop riddled with microperforations (arrow). x
8000, scale = 1 micron.
GBM disintegration. These latter GBM lesions are similar to
those observed by Kondo et a] using this technique to study
Masugi nephritis [32]. These defects are clearly of sufficient
dimension to permit efliux of cells as well as macromolecules.
The different patterns presumably reflect variability in the
intensity and distribution of the lytic injury, possibly indepen-
dent of their immunopathogenesis (that is, nephrotoxic anti-
body, immune complex mediated or idiopathic). However, this
cannot he proven since of the five cases containing visible GBM
defects on ASEM, only one case was mediated by nephrotoxic
antibody, and the remaining cases were not associated with
immune deposits (4 of 5 were immunofluorescent negative).
The postulated mechanisms of BM lysis have focused upon
various humoral factors (nephrotoxic antibody, immune com-
plexes and complement components) and lytic factors (prote-
ases, reactive oxygen species, halide ion, lymphokines) re-
leased locally by endogenous (mesangial cell) or exogenous
(neutrophils, macrophages, T-cells) effector cells [27, 28, 33].
More than cell type and multiple humoral and lytic factors
certainly contribute to the lesion ultimately observed, with their
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Fig. 8A. Light micrograph showing segmental mesangiolysis, a fibrocellular crescent with faint argyrophilic fibrils (arrow) extending to the
reduplicated Bowman's capsule. Jones methanemine silver, x 285. B. ASEM showing fibrollogranular material extending from a glomerular lobule
to Bowman's capsule. x 1500, scale = 10 micron.
Fig. 9. ASEM showing collagen fibrils and empty lacunar spaces Fig. 10. ASEM showing afibrocellular crescent with smooth basement
(curved arrow) previously occupied by cells of the crescent. x 6000, membrane-like material (arrow) lining lacunar spaces. x 3000, scale =
scale = 2 microns. 2 microns.
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Fig. 11. Distorted glomerulus containing a fibrocellular crescent and
multiple capsular adhesions (arrow). Notice continuity between mesan-
gium (curved arrow), crescent (C) and interstitium (I). x 500, scale = 20
microns.
respective contributions to a BM lysis varying with underlying
etiology [27, 28, 33].
Identification of etiologic factors producing GBM injury
cannot be addressed with this study since only the structural
consequences of the immunologic injury are studied. However,
it is of interest that the GBM adjacent to a discrete perforation
or segmental BM necrosis appears intact, indicating that the
lytic factor(s) may act on a relatively small area or region of the
GBM. Although cell necrosis (endothelial and epithelial), in-
flammatory cells and the coagulation system appear involved in
crescentic GN, inflammatory cells appear most capable of
producing the discrete GBM lesions observed herein. They
contain oxygen free radicals and neutral proteases which are
locally released and capable of producing cell necrosis, and
digesting proteoglycans and basement membranes in vitro, and
presumably also in vivo [29—36]. Further support for this
postulate has recently appeared in which synthetic protease
inhibitors substantially reduced the extent of glomerular necro-
sis without affecting hypercellularity in an experimental mice
model of immune complex-mediated GN [37].
The organization phase of the crescent appears to represent
the glomerular attempt at sealing the vascular-urinary space
"fistula". Acellular TEM showed that fibrin frequently covered
sites of GBM necrosis and bridged the space between Bowman's
capsule and the glomerular tuft. Since collagen formed initially
along fibrin fibrils, fibrin may have an important modulating or
organizing function, "directing" the cells within the crescent so
that their synthesis is focused toward sealing off the vascular-
urinary fistula. This "reparative" process could be orchestrated
via an interaction between fibrin and fibronectrin (or other
macromolecules) since soluble fibronectrin is present within
Fig. 12. Portion of a glomerular tuft showing an adhesion (arrow)
between a normal appearing capillary loop (C) and Bowman's capsule.
Normal mesangial matrix (M) is also present. >< 5000, scale = 2
microns.
crescents, possesses cell adhesion properties and binds to BM
components such as collagen and proteoglycans [38—40].
Although potentially effective at sealing the defects, the
crescentic reaction is unfortunately associated with marked
glomerular tuft distortion with trapping of adjacent nonnecrotic
capillary loops. Furthermore, continuity develops between
interstitial space and matrix of crescent and mesangium which
should adversely effect overall nephron function.
In summary, this study of acellular glomeruli in crescentic
glomerulonephritis has revealed the structural abnormalities
produced by lytic injury to the GBM and suggests that it follows
a more extensive lysis to the mesangium. In addition, while
crescent organization effectively seals the vascular-urinary space
fistula, the resulting distortion of the glomerular tuft, with
entrapment of normal loops and apparent continuity between
mesangium and interstitium, are believed to contribute substan-
tially to the resulting alteration in glomerular hemodynamics
and filtration, and may also contribute to the progression
toward renal failure.
Reprint requests to Stephen M. Bonsib, M.D., The University of
Iowa Hospitals and Clinics, Department of Pathology, Iowa City, Iowa
52242, USA.
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